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1
RADIATION MEASUREMENT APPARATUS

TECHNICAL FIELD

The present invention relates to an apparatus that detects
and counts radiation.

BACKGROUND ART

In a facility which treats radiation material, such as nuclear
power plant or the like, 1n a case where an accident occurs,
there 1s a possibility which tlies (scatters) a radiation matenal
having strong radioactivity over a wide range. Accordingly, it
occurs to need to widely research whether the radiation mate-
rial 1s present or not. Thus, a result of the research, 1 the
radiation material 1s present, 1t 1s necessary to remove the
radiation material.

Many human resources are necessary for a measurement
whether radiation material 1s present or not. Accordingly, the
worker having a little knowledge and skill may need to mea-
sure whether radiation material 1s present or not. In this case,
some objects may occur as follows.

If radiation 1s detected 1n the radiation measurement appa-
ratus, electric pulse 1s generated. The generated pulse 1s
counted by a latter counting circuit. In a case where radioac-
tivity 1s strong, the number of the radiation becomes large
number. Since an 1nterval between electric pulses narrows,
the radiation measurement apparatus becomes a state (which
will be hereinatter referred to as “pile-up”) where the electric
pulses overlap each other.

If the pile-up 1s occurred in the radiation measurement
apparatus, since a plurality of the pulses which overlaps each
other are considered as single (one) pulse, 1 fact, a value
(which will be heremafter referred to as “count value™)
counted by the counting circuit becomes smaller than actual
radiation number detected by the radiation measurement
apparatus. Further, in a case where the pile-up occurs by
overlapping all electric pulses, the count value becomes zero
(0). Thus, even though there 1s the radiation material having
strong radioactivity 1n fact, there 1s a possibility being deter-
mined that here radioactivity 1s weak. In case of being deter-
mined that here radioactivity 1s weak, because the radiation
material 1s not eliminated, a risk led to radiation exposure
may be occurred.

Conventionally, a technique for detecting pile-up and a
technique for preventing from pile-up are proposed (for
example, refer to patent documents 1 and 2).

Further, 11 a count number of the counting circuit within
measurement time exceeds over a measurement capacity of
the counting circuit, because 1t occurs digit overtlow (which
will be heremaftter referred to as “overtlow™), the count num-
ber output from the counting circuit becomes less than the
count number 1input to the counting circuit. For example, 1n a
case where an 8 bit counting circuit 1s used, maximum count
value (measurement capacity) 1s 255. Accordingly, if the
count value of the counting circuit reaches 256 within mea-
surement time, the count value returns from 255 to 0. In
above-described case, as same case as pile-up, 1t may be
wrongly determined that a radioactivity 1s weak. Accord-
ingly, the wrong determination is caused arisk led to radiation
exposure.

Conventionally, for the sake of avoiding fault-measure-
ment caused by the overtlow, 1n the event that the counting,
circuit 1s overtlowed, a technique for displaying contents that
the counting circuit 1s overflowed 1s proposed (refer to non-
patent document 1).
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2
PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Publication of (Unexamined) Patent
Application No. Heise1 07-0722352

Patent Document 2: Publication of (Unexamined) Patent
Application No. 2009-18134

Non-Patent Document

Non-Patent Document 1: http://www.clearpulse.co.jp/ipn/
product/plist_E/plistE1.html

DESCRIPTION OF INVENTION

Problems to be Solved by Invention

Although conventional technique can detect pile-up and
prevent Irom occurring pile-up, conventional technique leads
apparatus to be complicated and enlarged. Further, although
the radiation measurement apparatus displays over-tlow
occurrence 1n case of occurring over-flow, count display 1n
the radiation measurement apparatus over-flows. Therelore,
it 1s difficult for an operator that 1s not familiar with treatment
of the radiation measurement apparatus for an operator to
determine whether the overtlow 1s occurred.

The present invention has been made 1n consideration of
the circumstances mentioned above, and an object thereof 1s
to provide a radiation measurement apparatus which can pre-
vent from wrong determination of radiation without depend-
ing on or knowledge, as to the radiation measurement of the
operator.

Means for Solving Problem

In order to solve the problem 1n the conventional art men-
tioned above, the present invention provides a radiation mea-
surement apparatus including: a sensor that generates a detec-
tion signal 1n case of detecting a radiation; a first counter that
counts the number of the detection signal; an oscillator that
generates a periodic signal with predetermined period; an
AND circuit that outputs logical product obtained by operat-
ing AND operation between the detection signal and the
periodic signal; a second counter that counts the number of a
signal output from the AND circuit; and a display unit that
displays a count value of the first counter 1n a case where a
count value of the second counter 1s less than a first predeter-
mined value and a value which 1s different from the count
value of the first counter 1n a case where the count value of the
second counter 1s not less than the first predetermined value.

Eftect of Invention

A radiation measurement apparatus according to the
present invention can prevent an operator from faultily rec-
ognizing radioactivity without depending on skill and knowl-
edge level, regarding radiation measurement, of the operator.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit configuration diagram of a radiation
measurement apparatus according to first embodiment.

FIG. 2 (which includes FIGS. 2A to 2E) 1s an explanation
view 1llustrating an aspect of a pulse generated 1n a compara-
tor, an oscillator, and an AND circuit, in the event that a
pile-up 1s not generated. Here, FIG. 2A 1s a view 1llustrating
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an electric pulse output from a radiation sensor, FIG. 2B 1s a
view 1llustrating a shaped pulse shaped by a wave shaping

circuit and then output from the wave shaping circuit, F1G. 2C
1s a view 1llustrating detection pulse output from the com-
parator, FIG. 2D 1s a view 1illustrating periodic pulse output
from the oscillator, and FIG. 2E 1s a view 1illustrating an
output signal output from the AND circuat.

FIG. 3 (which includes FIGS. 3A to 3E) i1s an explanation
view 1llustrating an aspect of a pulse generated 1n a compara-
tor, an oscillator, and an AND circuit, in the event that a
pile-up 1s generated. Here, FIG. 3A 1s a view 1llustrating an
clectric pulse output from a radiation sensor, FIG. 3B 1s a
view illustrating formed pulse formed and output from, FIG.
3C 1s a view 1llustrating detection pulse output from the
comparator, FIG. 3D 1s a view 1illustrating periodic pulse
output from the oscillator, and FIG. 3E i1s a view 1llustrating
an output signal output from the AND circuit.

FIG. 4 1s a circuit configuration diagram of a radiation
measurement apparatus as another example of the first
embodiment.

FIG. 5 1s a circuit configuration diagram of a first counter
unit of a radiation measurement apparatus according to sec-
ond embodiment.

FIG. 6 1s a circuit configuration diagram of a radiation
measurement apparatus as another example of the second
embodiment.

FIG. 7 1s a circuit configuration diagram of a radiation
measurement apparatus according to third embodiment.

EMBODIMENT FOR CARRYING OUT TH.
INVENTION

L1

First Embodiment

A first embodiment of a radiation measurement apparatus
according to the present invention will be described with
reference to the accompanying drawings.

FIG. 1 1s a circuit configuration diagram of a radiation
measurement apparatus 1 according to the first embodiment.

The radiation measurement apparatus 1 includes a radia-
tion sensor 10, a waveform shaping circuit 12, a comparator
13, a discrimination level setting unit 14, and a first counter
unit 15, as a radiation measurement device.

When the radiation sensor 10 detects radiation, the radia-
tion sensor 10 generates electric pulse. The waveform shap-
ing circuit 12 converts the electric pulse 1nto a pulse which
can be counted by latter circuit. The comparator 13 discrimi-
nates the converted pulse output from the waveform shaping
circuit 12. The discrimination level setting unit 14 outputs
setting voltage as discrimination level 1n the discrimination
level setting unit 14 to the comparator 13. The {first counter
unit 15 counts the number of detection pulses as an output of
the comparator 13 for a predetermined length of time.

The radiation measurement apparatus 1 mcludes an oscil-
lator 16, an AND circuit 17, a second counter unit 18, a
comparison circuit 19, a coellicient setting circuit 20 and a
selector 21, as a pile-up prevention device that prevents pile-
up.
The oscillator 16 continuously generates periodic pulse
(periodic signal) with predetermined period. The AND circuit
17 outputs logical product obtained by performing AND
operation between the detection pulse output from the com-
parator 13 and the periodic pulse output from the oscillator
16. The second counter umit 18 counts the number of signal
output from the AND circuit 17 for predetermined length of
time. The comparison circuit 19 outputs a logic signal which
1s “true” 1n a case where a value output from the second
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counter unit 18 1s equal or more (not less) than a setting value
22 and a logic signal which 1s “false” in a case where a value
of the second counter unit 18 1s less than the setting value 22.
The coetlicient setting circuit 20 sets predetermined coetli-
cient which 1s multiplied by the value output from the second
counter unit 18. In a case where the output from the compari-
son circuit 19 1s false, the selector 21 (display control circuit)
outputs a count value of the first counter unit 15. Further, in a
case where the output from the comparison circuit 19 1s true,
the selector 21 outputs a value obtained by multiplying the
count value of the second counter unit 18 by a coetficient.

Further, the radiation measurement apparatus 1 includes a
display unit 23 which displays the output value of the first
counter unit 15 and the output value of the second counter unit
18. The output values are output from the selector 21.

Next, an operation of the radiation measurement apparatus
1 according to the first embodiment will be described.

FIG. 2 (which includes FIG. 2A to 2E) 1s an explanation

view 1illustrating an aspect of a pulse generated 1n the com-
parator 13, the oscillator 16 and the AND circuit 17, 1n the
event that a pile-up 1s not generated. FIG. 2A 1s an explanation
view 1llustrating electric pulses 31 output from the radiation
sensor 10, FIG. 2B 1s an explanation view 1llustrating shaped
pluses 32 shaped by the wavetorm shaping circuit 12 and then
output from the wavetform shaping circuit 12, FIG. 2C 1s an
explanation view 1llustrating detection pulses 33 output from
the comparator 13, FIG. 2D 1s an explanation view illustrating
periodic pulses 34 output from the oscillator 16, and FIG. 2E
1s an explanation view 1llustrating the output signal 35 output
from the AND circuit 17.

I1 the radiation sensor 10 detects radiation, as 1llustrated in
FIG. 2A, the electric pulse 31 1s generated. The wavetform
shaping circuit 12 shapes the electric pulse 31 into the shaped
pulse 32 of which width 1s several micro-seconds (us), 1llus-
trated 1n FIG. 2B. In a case where a wave height value of the
shaped pulse 32 1s larger than a voltage set in the discrimina-
tion level setting unit 14, the comparator 13 outputs the detec-
tion pulse (detection signal) 33 that represents 1 (High level),
illustrated 1n FIG. 2C. Since the width of the shaped pulse 32
1s several us, the detection pulse 33 as an output of the com-
parator 13 becomes pulse of which width 1s several us. The
output of the comparator 13 is output to the first counter unit
15. The first counter unit 15 counts the detection pulse 33 for
the predetermined length of time.

The detection pulse 33 1s simultaneously output to the
AND circuit 17. The AND circuit 17 calculates logical prod-
uct between the detection pulse 33 output from the compara-
tor 13 and the periodic pulse 34 output from the oscillator 16.
That 1s, the AND circuit 17 outputs the periodic pulse 34
output from the oscillator 16 as output signal 35 to the second
counter unit 18 while the comparator 13 outputs 1 (High
level) signal (while the detection pulse 33 i1s output). The
second counter unit 18 counts an output of the AND circuit 17
for a predetermined length of time. The width of the periodic
pulse 34 1s adequately small and, for instance, about one-fifth
of the width of the detection pulse 33. It 1s set so as to always
output the periodic pulse 34 to the second counter unit 18
while the shaped pulse 32 1s generated.

The comparison circuit 19 compares the value counted by
the second counter unit 18 with the setting value 22. The
setting value 22 1s arbitranly selected a value which can be
determined whether the radiation measurement apparatus 1
becomes pile-up state or not, and set. The comparison circuit
19 outputs a logic signal which 1s false 1n a case where the
value of the second counter unit 18 is less than the setting
value 22, 1.e., 1n a case where the radiation measurement
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apparatus 1 does not become pile-up state but the count value
of the output signal 35 1s small.

If the output of the comparison circuit 19 is false, the
selector 21 outputs the output value of the first counter unit 15
to the display unit 23. The display unit 23 displays actual
count value which corresponds to the entering number of the

radiation.
Herein, FIG. 3 (which includes FIGS. 3A to 3E) 1s expla-

nation view 1llustrating an aspect of a pulse generated 1n the
comparator 13, the oscillator 16, and the AND circuit 17, 1n
the event that a pile-up 1s generated.

Asillustrated in FI1G. 3 A, 1n a case where the count number
of the electrical pulse 31 1n the radiation sensor 10 1s large
number, as 1llustrated in FIG. 3B, the radiation measurement
apparatus 1 becomes the pile-up state thereby overlapping the
shaped pulses 32. As a result of becoming the pile-up state, as
illustrated 1 FIG. 3C, since the detection pulses 33 of the
comparator 13 also overlaps, the detection pulses 33 over-
lapped each other broadens pulse width thereof. Thus, even
though radiation 1s strong, since the number of the detection
pulses 33 decreases, the count value counted by the first
counter unit 15 for the predetermined length of time becomes
small.

The AND circuit 17 outputs the periodic pulse 34 output
from the oscillator 16 as output signal 35 to the second
counter unit 18 while the comparator 13 outputs 1 (High
level) signal (while the detection pulse 33 1s output). That 1s,
although the count value of the first counter unit 15 decreases,
the output signal 35 increases 1n proportion to width of the
detection pulse 33. Therefore, the count value of the second
counter unit 18 increases.

The comparison circuit 19 compares the value counted by
the second counter unit 18 with the setting value 22. The
comparison circuit 19 outputs a logic signal which 1s truen a
case where the value of the second counter unit 18 1s equal and
more than the setting value 22, 1.e., in a case where the count
value of the output signal 35 1s large by becoming pile-up
state.

If the output of the comparison circuit 19 1s true, the coet-
ficient setting circuit 20. The selector 21 outputs a calculation
value (which 1s based on the count value of the second counter
unit 18) of the coellicient setting circuit 20 which multiplies
the value output from the second counter unit 18 by the
coellicient to the display unit 23. The display unit 23 reflects
a actual radiation count value and then displays the value.
That 1s, the radiation sensor 10 becomes pile-up state and the
output from the first counter unit 15 of which count value
becomes small 1s not displayed. Incidentally, the coelficient
setting circuit 20 1s included in the radiation sensor 10 so that
output value becomes successive value 1n case of switching
between the count value of the first counter unit 15 and the
output value of the second counter unit 18, and arbitrarily sets
the coetlicient thereof.

The radiation measurement apparatus 1 1n first embodi-
ment detects whether the shaped pulse 32 becomes the pile-
up state based on the count value of the second counter unit
18. When the pile-up state of the shaped pulse 32 1s detected,
the radiation measurement apparatus 1 switches from the
count value of the first counter unit 15 to the output value of
the second counter unit 18. As a result, the count value dis-
played 1n the display unit 23 does not become smaller and
becomes large value which reflects a state 1n real radioactiv-
ity. Thus, the radiation measurement apparatus 1 can prevent
the operator from faultily recognizing radioactivity without
depending on skill and knowledge level, regarding radiation
measurement, of the operator.
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Incidentally, in a case where the count value of the second
counter unit 18 1s larger than the setting value 22, the radiation
measurement apparatus 1 according to first embodiment may
be configured so as to set predetermined value differing from
actual count value (present count value) of the first counter
unit 15 1n the first counter unit 15, and thereby display the
value set 1n the first counter unit 15 as count value in the
display unit 23.

FIG. 4 1s a circuit configuration diagram of a radiation
measurement apparatus 41 according to another example of
the first embodiment. Incidentally, 1t 1s noted that the same
reference numerals or characters in the radiation measure-
ment apparatus 41 are assigned to the same or similar com-
ponents and parts as those 1n the radiation measurement appa-

ratus 1, and the duplicated description thereotf 1s omitted (not
described).

The radiation measurement apparatus 41 includes the
radiation sensor 10, the shaping circuit 12, the comparator 13,
the discrimination level setting unit 14, and the first counter
unit 15, as the radiation measurement device. Further, the
radiation measurement apparatus 41 includes the oscillator
16, the AND circuit 17, the second counter unit 18, and the
comparison circuit 42, as the pile-up prevention device that
prevents the pile-up. Furthermore, the radiation measurement
apparatus 41 includes the display unit 23.

The comparison circuit 42 outputs the logical signal which
1s true 1n the event that the value of the second counter unit 18
1s equal and larger than the setting value 22 and the logical
signal which 1s false 1n the event that the value of the second
counter unit 18 1s less than the setting value 22. In the first
counter unit 15, a predetermined value 1s set as setting value
in a case where an output of the comparison circuit 42 1s the
true logical signal.

An operation of the radiation measurement apparatus 41 as
another example will be explained.

The comparison circuit 42 compares the count value of the
second counter unit 18 with the setting value 22. In a case
where the count value of the second counter unit 18 1s less
than the setting value 22, that 1s, in case of not being pile-up
state, since the comparison circuit 42 outputs a logic signal
which 1s false, the first counter unit 15 outputs actual count
value to the display unit 23. The display unit 23 displays a
count value corresponding to a detection number of radiation.

In a case where the count value of the second counter unit
18 becomes equal and more than the setting value 22, that 1s,
in case of becoming the pile-up state, the comparison circuit
42 outputs a logic signal which 1s true. The comparison circuit
42 outputs the true logic signal and therefore subjects the first
counter umt 15 to output value preliminarily set as the count
value. The preliminarily set value 1s, for example, a maximum
value of the first counter unit 15. The maximum value 1s larger
than a count value after the count value of the first counter unit
15 1sreduced by occurring pile-up. The count value of the first
counter unit 15, being set by the comparison circuit 42 1s
output to the display unit 23 and displayed 1n the display unit
23.

In the radiation measurement apparatus 41, because the
count value of the first counter unit 15 1s preset as large value,
even 11 the pile-up state 1s detected, the count value displayed
in the display unit 23 does not become smaller. The radiation
measurement apparatus 41 displays large value, and 1s there-
fore possible to prevent the operator from faultily recognizing
radioactivity without depending on skill and knowledge level,
regarding radiation measurement, of the operator.

Further, as the radiation measurement apparatus 41 may
omit the selector 21 which is included in the radiation mea-
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surement apparatus 1, a configuration of the radiation mea-
surement apparatus 41 may be simplified.

Second Embodiment

A second embodiment of a radiation measurement appa-
ratus according to the present invention will be described with
reference to the accompanying drawings.

FIG. 5 1s a circuit configuration diagram of a first counter
unit 60 of a radiation measurement apparatus 51 according to
second embodiment.

The different point between the radiation measurement
apparatus 51 according to the second embodiment and the
radiation measurement apparatus in the first embodiment 1s
that the first counter unit 60 1includes a component for pre-
venting an operator from wrong determination caused by
overflow of the first counter unit 60. In the radiation measure-
ment apparatus 51, a component other than the first counter
unit 60 1s substantially as the same component of the radiation
measurement apparatus 1 according to the first embodiment,
and 1s omitted (not 1llustrated) in FIG. 5. Further, it 1s noted
that the same reference numerals or characters 1n the radiation
measurement apparatus 51 are assigned to the same or similar
components and parts as those 1n the radiation measurement
apparatus 1, and the duplicated description thereof 1s omitted.

The radiation measurement apparatus 51 includes the
radiation sensor 10, the shaping circuit 12, the comparator 13,
the discrimination level setting unit 14 (please refer to FIG.
1), and the first counter unit 60. Further, the radiation mea-
surement apparatus 31 includes the oscillator 16, the AND
circuit 17, the second counter unit 18, and the comparison
circuit 19 (please refer to FIG. 1), as the pile-up prevention
device that prevents the pile-up. Namely, the radiation mea-
surement apparatus 51 may omit (not include) the pile-up
prevention device.

The first counter unit 60 includes a counter 61, a compari-
son circuit 62, and a selector 63, as the pile-up prevention
device that prevents pile-up.

The counter 61 counts the number of signal output from the
comparator 13 for predetermined length of time. The com-
parison circuit 62 outputs a logic signal which 1s true 1n a case
where a count value of the counter 61 reaches a maximum
value 65 and a logic signal which 1s false 1n a case where the
count value of the counter 61 1s less than (does not reach) the
maximum value 65. In a case where the comparison circuit 62
outputs the logical signal which 1s false, the selector 63 out-
puts actual count value of the counter 61. Further, 1n a case
where the comparison circuit 62 outputs the logical signal
which 1s true, the selector 63 outputs the maximum value 65
of the counter 61.

Next, an operation of the radiation measurement apparatus
51 according to the second embodiment will be explained.

If the radiation sensor 10 detects radiation, the electric
pulse 31 1s generated. The waveform shaping circuit 12
shapes the electric pulse 31 1nto the shaped pulse 32 of which
width 1s several micro-seconds (us). In a case where a wave
height value of the shaped pulse 32 1s larger than a voltage set
in the discrimination level setting unit 14, the comparator 13
outputs the detection pulse (detection signal) 33 that repre-
sents 1 (High level). Since the width of the shaped pulse 32 1s
several us, the detection pulse 33 as an output of the compara-
tor 13 becomes pulse of which width 1s several us. The output
of the comparator 13 1s output to the counter 61 of the first
counter unit 60. The counter 61 counts the detection pulse 33
tor the predetermined length of time.

The comparison circuit 62 compares the count value of the
counter 61 with the maximum value 65. If the count value of
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the counter 61 1s less than the maximum value 65, the com-
parison circuit 62 outputs a logic signal which 1s false. The

selector 63 outputs actual count value of the counter 61 the
maximum value 65 to the display unit 23. The display unit 23
displays the count value of the counter 61.

Meanwhile, there 1s a case where the count value of the
counter 61 becomes the maximum value 65, that 1s, the count
value of the counter 61 reaches a measurable maximum value.
In this case, the comparison circuit 62 outputs a logic signal
which 1s true. Thus, the selector 63 outputs the maximum
value 65 of the counter 61 to the display unit 23 until a
predetermined timing (for example, next measurement 1s
started). The display unit 23 displays the maximum value 65
of the counter 61.

As aresult of procedure described above, the counter value
ol the counter 61 does not become smaller than the maximum
value 635 by occurring overtlow, and 1s held.

In the radiation measurement apparatus 31 according to the
second embodiment, the first counter unit 60 (the counter 61)
detects whether the count value thereof reaches the maximum
value 65, and switches the count value of the first counter unit
60 from actual count value to the maximum value 635. As a
result, the radiation measurement apparatus 51 according to
the second embodiment can prevent the output value outputto
the display unit 23 from becoming overflowed value, and
therefore prevent the operator from {faultily recogmizing
radioactivity.

Incidentally, 1n a case where the count value of the counter
61 reaches to the maximum value 65, the radiation measure-
ment apparatus 51 according to the second embodiment may
be configured so as to set the maximum value 65 1n the first
counter unit 15, and thereby display the maximum value 65 as
count value 1n the display unit 23.

FIG. 6 1s a circuit configuration diagram of a radiation
measurement apparatus 71 as another example of the second
embodiment. Incidentally, the same reference numerals or
characters 1n the radiation measurement apparatus 71 are
assigned to the same or similar components and parts as those
in the radiation measurement apparatus 31, and the duplicated
description thereot 1s omitted.

The first counter unit 72 includes a counter 61 and a com-
parison circuit 73, as an overtlow prevention device that pre-
vents an overflow.

The comparison circuit 73 outputs a logic signal which 1s
true to the counter 61 in the case where the count value of the
counter 61 reaches to the maximum value 65, and a logic
signal which 1s false to the counter 61 in a case where the
count value of the counter 61 1s less than the maximum value
65. The counter 61 outputs actual count value 1n a case where
the logic signal output from the comparison circuit 73 1s false,
and the maximum value 65 which 1s set by the comparison
circuit 73 1n a case where the logic signal output from the
comparison circuit 73 1s true.

The radiation measurement apparatus 71 can achieve the
cifect of the radiation measurement apparatus 51 and omit the
selector 63. Therefore, a configuration of the radiation mea-
surement apparatus 71 can be simplified.

Incidentally, 1n the second embodiment, the value which 1s
compared with the counter 61 1s not limited to the maximum
value 65 and may be another value which 1s more than the
maximum value 65.

Third F

Embodiment

A third embodiment of a radiation measurement apparatus
according to the present invention will be described with
reference to the accompanying drawings.
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FIG. 7 1s a circuit configuration diagram of a radiation
measurement apparatus 81 according to third embodiment.

The different point between the radiation measurement
apparatus 81 according to the third embodiment and each of
the radiation measurement apparatuses according to the first
and second embodiments 1s that, for the sake of improving
maintenance ease of the radiation measurement apparatus 81,
the radiation measurement apparatus 81 further includes a
USB convertor 82, a USB hub 83, and a USB memory 84. It
1s noted that the same reference numerals or characters in the
radiation measurement apparatus 81 are assigned to the same
or similar components and parts as those in the radiation
measurement apparatus 1, and the duplicated description
thereot 1s omitted.

The radiation measurement apparatus 81 includes the
radiation sensor 10, the waveform shaping circuit 12, the
comparator 13, a discrimination level setting unit 14, and a
first counter unit 15, as a radiation measurement device. Fur-
ther, the radiation measurement apparatus 81 includes the
oscillator 16, the AND circuit 17, the second counter unit 18,
and the comparison circuit 19, as a pile-up prevention device
that prevents pile-up.

Furthermore, the radiation measurement apparatus 81
includes the USB convertor 82, the USB hub 83, and the USB
memory 84. The USB convertor 82 converts measurement
data output from the selector 21 into serial data of USB
standard and then outputs the serial data. The USB hub 83 as
an output device connects the radiation measurement appa-
ratus 81 with a data processing display unit 90, and performs
data transmission/reception and so on. The USB memory 84
as a memory device stores unique information of the radiation
measurement apparatus 81 therein. The unique information
1s, for instance, information such as a calibration value of
sensitivity of the radiation measurement apparatus 81 or the
like, the production number of the radiation measurement
apparatus 81, usage and maintenance history, or the like.

The data processing display unit 90 connected with the
radiation measurement apparatus 81 processes and displays
measurement data of the radiation measurement apparatus
81.

Next, an operation of the radiation measurement apparatus
81 according to the third embodiment will be explained.

The USB convertor 82 converts measurement data output
from the selector 21 1nto serial data of USB standard and then
outputs the serial data to the USB hub 83. The serial data 1s
transmitted to the data processing display unit 90 through the
USB hub 83. The data processing display unit 90 processes
measurement data (the count values of the first and second
counters 15 and 18) output from the selector 21 and unique
information of the radiation measurement apparatus 81,
stored in the USB memory 84 by performing required data
procedure.

The data processing display unit 90, for example, reads out
the sensitivity of the radiation sensor 10 from the USB
memory 84 and calibrates the count number of the first
counter unit 135 output from the selector 21 on the basis of the
sensitivity of the radiation sensor 10, being unique informa-
tion of the radiation measurement apparatus 81.

In the radiation measurement apparatus 81 according to the
third embodiment, since the unique information of the radia-
tion measurement apparatus 81 1s stored in the USB memory
84, the radiation measurement apparatus 81 can smoothly
move to measurement mode based on the unique information
even 11 1t 1s necessary to replace the radiation measurement
apparatus 81 or the data processing display unit 90 with
another one due to breakdown of the radiation measurement
apparatus 81 or the data processing display unit 90.
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For example, the radiation measurement apparatus 81 can
calibrate the count value of the radiation sensor 10 based on
the calibration value of the radiation measurement apparatus
81, read out from the USB memory 84, and therefore display
the measurement data which 1s calibrated, 1n the data process-
ing display unit 90. Thus, even 1f 1t 1s necessary to replace
instrument such as the radiation measurement apparatus 81,
the calibration thereof can be eliminated. If there 1s backup
radiation measurement apparatus 81 or backup data process-
ing display unit 90, the operator can immediately use backup
radiation measurement apparatus 81 or backup data process-
ing display unit 90 after the operator replaces with 1t.

Further, even an operator that does not know calibration
method of the radiation measurement apparatus 81, if the
operator only has to change the radiation measurement appa-
ratus 81, can use the radiation measurement apparatus 81
without needing cumbersome work.

The USB memory 84 as memory unit may be mcluded 1n
the radiation measurement apparatus 81 or the data process-
ing display unit 90.

Although some embodiments of the present invention are
described, the above-described embodiments are presented as
some examples. Accordingly, 1t 1s noted that the present
invention 1s not limited to the above-described embodiments.
Since the above-described embodiments which are new
embodiments can be embodied 1n various forms other than
the specific embodiments described above, various omis-
sions, substitutions, and changes may be made without
departing from the spirit and scope of the invention. These
embodiments and modifications thereof are included within
the sprit and scope of the invention and are included within
the scope of the invention as disclosed 1n the claims and
equivalents thereof.

REFERENCE NUMERALS
1,41, 51, 71, 81 - - - radiation measurement apparatus
10 - - - radiation sensor
12 - - - wavelorm shaping circuit
13 - - - comparator
14 - - - discrimination level setting unit
15, 60, 72 - - - first counter unit
16 - - - oscillator
17 - - - AND circuit
18 - - - second counter unit
19,42, 62, 73 - - - comparison circuit
20 - - - coellicient setting circuit
21, 63 - - - selector
22 - - - setting value
23 - - - display unit
61 - - - counter
65 - - - maximum value
82 - - - USB converter
83 - --USB hub
84 - - - USB memory

90 - - - data processing display unit

The mvention claimed 1s:

1. A radiation measurement apparatus comprising;

a sensor that generates a detection signal 1n case of detect-
ing a radiation;

a first counter that counts the number of the detection
signal;

an oscillator that generates a periodic signal with predeter-
mined period;

an AND circuit that outputs a logical product obtained by
operating an AND operation between the detection sig-
nal and the periodic signal;
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a second counter that counts the number of a signal output
from the AND circuit; and

a display control circuit that selects for display a count
value of the first counter 1n a case where a count value of
the second counter i1s less than a first predetermined
value or a value which 1s different from the count value
ol the first counter 1n a case where the count value of the
second counter 1s not less than the first predetermined
value.

2. The radiation measurement apparatus according to claim

1, wherein the display control circuit selects for display a
value based on the count value of the second counter 1n the
case where the count value of the second counter 1s not less
than the first predetermined value.

3. Theradiation measurement apparatus according to claim

2, further comprising:

a comparison circuit that determines whether the count
value of the second counter 1s not less than the first
predetermined value, wherein

the display control circuit selects for display the count
value of the second counter 1n the case where the count
value of the second counter 1s not less than the first
predetermined value.

4. The radiation measurement apparatus according to claim

1, wherein the first counter sets a second predetermined value
as the count value of the first counter, and wherein the display
control circuit selects for display the count value of the first
counter after being set at the second predetermined value, 1n
the case where the count value of the second counter 1s not
less than the first predetermined value.

5. The radiation measurement apparatus according to claim

4, further comprising a comparison circuit that determines
whether the count value of the second counter 1s not less than
the first predetermined value, and newly sets the second pre-
determined value as the count value of the first counter when
the value counted by the second counter 1s not less than the
first predetermined value.

6. The radiation measurement apparatus according to claim

1, wherein the display control circuit selects for display a
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third predetermined value which 1s preliminarily set 1n a case
where the count value of the first counter reaches to maximum
count value.

7. Theradiation measurement apparatus according to claim

6, the third predetermined value 1s a maximum value counted
by the first counter.

8. Theradiation measurement apparatus according to claim

6, further comprising:

a comparison circuit that determines whether the count
value of the first counter reaches a maximum value or
not, wherein

the display control circuit selects for display the third pre-
determined value 1n the case where the count value of the
first counter reaches to the maximum count value.

9. Theradiation measurement apparatus according to claim

6, further comprising a comparison circuit that determines
whether the count value of the first counter reaches a maxi-
mum value or not, and sets the count value of the first counter

at the third predetermined value in the case where the count
value of the first counter reaches the maximum value.

10. The radiation measurement apparatus according to
claim 1, further comprising:

a memory that stores an unique information of the radiation
measurement apparatus; and

an output unit that reads out the unique information stored
in the memory, and outputs the count value of the first
counter and the unique information to an external equip-
ment.

11. A radiation measurement apparatus comprising:

a sensor that generates a detection signal 1n case of detect-
ing a radiation;

a counter that counts the number of the detection signal;
and

a display control circuit that selects for display an actual
count value of the counter 1n a case where the actual
count value of the counter 1s less than a maximum value
of the counter or a predetermined value which 1s differ-
ent from the actual count value of the counter in a case
where the actual count value of the counter reaches the
maximum value.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

